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Ophthalmologic abnormalities have been described in patients with dementia, but the extent to which poor vision
and treatment for visual disorders affect cognitive decline is not well defined. Linked data from the Health and
Retirement Study and Medicare files (1992–2005) were used to follow the experiences of 625 elderly US study
participants with normal cognition at baseline. The outcome was a diagnosis of dementia, cognitively impaired but
no dementia, or normal cognition. Poor vision was associated with development of dementia (P ¼ 0.0048); in-
dividuals with very good or excellent vision at baseline had a 63% reduced risk of dementia (95% confidence
interval (CI): 20, 82) over a mean follow-up period of 8.5 years. Participants with poorer vision who did not visit an
ophthalmologist had a 9.5-fold increased risk of Alzheimer disease (95% CI: 2.3, 39.5) and a 5-fold increased risk
of cognitively impaired but no dementia (95% CI: 1.6, 15.9). Poorer vision without a previous eye procedure
increased the risk of Alzheimer disease 5-fold (95% CI: 1.5, 18.8). For Americans aged 90 years or older,
77.9% who maintained normal cognition had received at least one previous eye procedure compared with
51.7% of those with Alzheimer disease. Untreated poor vision is associated with cognitive decline, particularly
Alzheimer disease.

Alzheimer disease; delirium, dementia, amnestic, cognitive disorders; dementia; health services research;
Medicare; memory disorders; ophthalmology; vision disorders

Abbreviations: CI, confidence interval; CIND, cognitively impaired but no dementia; RRR, relative risk ratio.

Cloudy, sensitive, or reduced vision can be disorienting.
There is an extensive record of the intersection between
eye pathologies and dementia in both the ophthalmologic
and psychiatric literature (1, 2). Visual disturbances have
been described as one of the first symptoms presenting in
persons with Alzheimer disease, including problems such
as contrast sensitivity, visuospatial orientation, color per-
ception, and pupil reaction (3–8). Macular degeneration,
retinal disorders, and problems with visual acuity have
also been associated with cognitive impairment in various
studies (9–11).

Although often not studied, it is possible that such ocular
disturbances may be precursors—not consequences—of cog-
nitive decline. Prospective studies have shown that visual
impairment predicts cognitive decline, although uncertainty
remains whether treatment for visual problems could delay
such decline (12–14). In this study, we sought to address the

following 2 questions: Is poor vision an etiologic contributor
to dementia? Does treatment of visual disorders affect the
probability of developing dementia? Using data collected
prior to and after the diagnosis of dementia, we attempted
to shed light on these questions.

MATERIALS AND METHODS

Subjects were US individuals who participated in the
Aging, Demographics, and Memory Study, a sample from
the nationally representative Health and Retirement Study
(15). Only those persons who had normal cognition at
baseline (i.e., during their initial Health and Retirement
Study interview) were included in this investigation.
Normal cognition was defined as a score of 14–35 on the
Telephone Interview for Cognitive Status test for
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self-respondents (n ¼ 606 subjects) or a score of 1.00–3.34
on the Informant Questionnaire on Cognitive Decline in
the Elderly for proxy respondents (n ¼ 19) (16). The
Telephone Interview for Cognitive Status has been found
to be a valid measure for assessing cognitive function
(17–19). Persons with cognitive impairment or dementia
at baseline were excluded. This exclusion yielded 625 sub-
jects who were followed for 3.5–13 years (mean,
10.1 years; median, 10.9 years) during 1992–2005 by using
a retrospective cohort design.

Measures

Data from the Aging, Demographics, and Memory Study
subjects were linked to Centers for Medicare and Medicaid
Services files (1992–2005). Berenson Eggers Type of Ser-
vice codes in the Carrier files were used to determine the
types of services received. These codes were developed by
the Centers for Medicare and Medicaid Services to group
similar types of procedures into clinical categories to en-
hance analyses of Medicare data. Carrier files contain
claims submitted by noninstitutional providers such as phy-
sicians and physician assistants, as well as freestanding am-
bulatory surgical centers. Surgical eye procedures included
corneal transplant, cataract removal/lens insertion, retinal
detachment, treatment of retinal lesions, and others. Diag-
nosis codes from the International Classification of
Diseases, Ninth Revision, Clinical Modification, were used
to identify disorders of the eye and adnexa (codes 360xx–
379xx).

Data were also obtained regarding baseline vision during
the 1992–1993 waves of the Health and Retirement Study
from 606 respondents and 19 proxy respondents. Vision was
measured on a 6-point scale (excellent, very good, good,
fair, poor, blind); subjects who wore glasses rated their vi-
sion when using their glasses. In latter statistical analyses,
the categories excellent and very good were combined to
indicate ‘‘better vision,’’ with the remaining categories in-
dicating ‘‘worse vision.’’

Information was extracted from the Health and Retire-
ment Study regarding other potential risk factors for de-
mentia (20) such as age; gender; race (Caucasian, African
American, other); highest educational level (grades 1–11,
high school, some college, college graduate, postcollege);
and history of high blood pressure, stroke, diabetes melli-
tus, and heart disease. The number of apolipoprotein E e4
alleles was obtained from a buccal swab DNA sample;
information regarding apolipoprotein E was missing for 6
participants, so best-subset regression was used to impute
these values. Previous head injury was ascertained by
emergency room visits for head-related principal diagno-
ses (i.e., reason for the visit) from the Centers for Medicare
and Medicaid Services Inpatient and Outpatient Standard
Analytical Files.

Outcome

All 625 subjects were assessed for cognitive status by an
expert panel of neuropsychologists, neurologists, geropsy-
chiatrists, and internists (15). A diagnosis of dementia, cog-

nitively impaired but no dementia (CIND), or normal
cognition was determined by consensus of this panel. The
clinical assessment began with in-home administration of
multiple neuropsychological tests by a psychometrician,
medical history, assessment of medication use, and current
behavioral and psychiatric symptoms. A videotaped neuro-
logic examination was also performed. The final diagnosis
of dementia was based on criteria from the Diagnostic and
Statistical Manual of Mental Disorders, Third Edition, Re-
vised and the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (21, 22).

This investigation was reviewed and approved by the In-
stitutional Review Board at the University of Michigan and
the Privacy Board at the Centers for Medicare and Medicaid
Services.

Statistical analyses

Results were weighted to account for the sampling de-
sign of the study and therefore reflect estimates of effect
for the reference population (Americans aged �71 years).
For bivariate analyses of categorical data, the design-based
Pearson’s chi-square test was used. Cumulative incidence
of dementia was estimated since change from normal cog-
nition to dementia during a specific time period was
known. Survey-weighted multinomial logistic regression
was used to evaluate the relation of eye-related services
and diagnoses to cognitive status (normal, CIND, demen-
tia). For analyses of Alzheimer disease, the outcome was
coded as normal, CIND, or Alzheimer disease, with exclu-
sion of other types of dementia. Adjustment was made for
age (year of birth, centered), gender, race, education, num-
ber of apolipoprotein E e4 alleles, previous head injury,
diabetes mellitus, stroke, hypertension, and heart disease.
The number needed to treat to prevent one case of demen-
tia was calculated by using the fully adjusted model (co-
variates listed above) both for an eye procedure and a visit
to an ophthalmologist. Analyses were conducted with
Stata/SE 10.0 software (Stata Corporation, College Sta-
tion, Texas). The estimate of effect for multinomial logistic
regression in Stata was calculated as a relative risk ratio,
also referred to as a conditional odds ratio (23). Alpha was
set at 0.05, 2-tailed.

Because vision problems have been associated with in-
juries and accidents (24), emergency department visits for
injuries or accidents (occurring prior to the outcome) were
extracted by using E codes in the Centers for Medicare and
Medicaid Services Inpatient and Outpatient files. Rates of
such injuries and accidents (per person-year) were calcu-
lated, as were exact P values for differences between
cognitive groups.

In January 2002, the Centers for Medicare and Medicaid
Services initiated coverage for glaucoma screening in ben-
eficiaries with diabetes mellitus, those with a family history
of glaucoma, African Americans aged 50 years or older, and
Hispanic Americans aged 65 years or older (25). Because
data for certain high-risk individuals (non-Caucasians and
those with a history of diabetes mellitus) were available, the
services they received were compared before and after the
program commenced.
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RESULTS

Participants

Of the 625 subjects with normal cognition at baseline,
168 developed dementia, 169 developed CIND, and 288
remained cognitively normal. The corresponding survey-
weighted percentages were 68.1% for normal cognition
(95% confidence interval (CI): 64.8, 71.3), 21.1% for
CIND (95% CI: 17.4, 25.3), and 10.8% for dementia
(95% CI: 8.6, 13.4). The characteristics of the subjects
are listed in Table 1.

Vision at baseline

Poorer vision at baseline was more prevalent in those who
eventually were diagnosed with either cognitive impairment
or dementia (Table 2). Only 9.7% of individuals who de-
veloped dementia had excellent vision at baseline, whereas
30.7% of those whose cognition remained normal had ex-
cellent baseline vision. When this 6-level vision scale was
regressed on the outcome, the relative risk ratios were 1.52
(95% CI: 1.12, 2.04) for dementia and 1.28 (95% CI: 0.92,

1.77) for CIND when compared with normal cognition in
the fully adjusted model. That is, the risk of dementia in-
creased by 52% with each 1-unit increase in the vision scale
(minimum, excellent vision; maximum, blind). The mean
number of years between the baseline vision assessment
and the outcome date was 8.5 years (standard deviation,
2.4), and the median was 9.3 years.

There was no difference in the use of glasses or contact
lenses between cognitive groups at baseline (P ¼ 0.115).
Ninety-three percent of participants with normal cognition
wore glasses or contact lenses; the comparable percentages
for those with CIND and dementia were 91.7% and 86.0%,
respectively.

In a secondary analysis, we assessed whether baseline
vision was associated with number of apolipoprotein E e4
alleles. We found that it was not (P ¼ 0.294).

Eye procedures and diagnoses prior to outcome

Prior to the outcome date, 41.7% of participants received
at least one eye procedure (95% CI: 36.5, 47.2), 76.9%
visited an ophthalmologist at least once (95% CI: 72.3,

Table 1. Characteristics of Study Subjects by Later Cognitive Status, Elderly in the United

States, 1992–2005

Characteristic
Normal Cognition CIND Dementia

Percenta 95% CIa Percenta 95% CIa Percenta 95% CIa

Age �85 yearsb 12.6 9.3, 16.8 28.7 21.1, 37.7 31.9 23.6, 41.4

Female 61.6 55.4, 67.4 52.0 41.5, 62.4 70.2 60.8, 78.2

Non-Caucasian 6.5 4.1, 10.0 10.0 5.7, 16.9 8.3 4.6, 14.4

<12 years of education 26.8 22.1, 32.2 39.3 31.0, 48.4 35.3 26.2, 45.6

Apolipoprotein E
e4 allele present

23.1 17.0, 30.7 27.6 18.6, 38.9 36.5 27.6, 46.5

Diabetes mellitus 17.2 12.0, 24.1 27.4 19.2, 37.6 15.8 8.2, 28.3

High blood pressure 62.8 53.6, 71.2 57.8 48.6, 66.4 55.7 44.4, 66.5

Heart disease 23.5 18.6, 29.2 45.9 35.6, 56.5 45.7 36.5, 55.3

Stroke 7.0 4.3, 11.1 21.3 14.7, 30.0 36.6 24.6, 50.6

Abbreviations: CI, confidence interval; CIND, cognitively impaired but no dementia.
a Survey-weighted.
b At time of outcome assessment.

Table 2. Vision at Baseline by Later Cognitive Status, Elderly in the United States, 1992–2005

Vision at
Baseline

Normal Cognition CIND Dementia
P Value

Percenta 95% CIa Percenta 95% CIa Percenta 95% CIa

Excellent 30.7 22.5, 40.3 14.5 9.9, 20.8 9.7 5.4, 16.7

Very good 29.5 21.7, 38.8 27.2 18.1, 38.7 20.7 13.8, 30.0

Good 28.4 21.8, 36.0 37.3 26.9, 48.9 45.0 34.1, 56.4

Fair 9.0 5.4, 14.7 17.9 10.9, 27.9 20.2 12.2, 31.6

Poor 2.4 0.7, 7.4 2.9 0.6, 12.8 4.1 1.8, 9.3

Blind 0.0 0.3 0.0, 2.3 0.3 0.0, 2.3

Total 100 100 100 0.0048

Abbreviations: CI, confidence interval; CIND, cognitively impaired but no dementia.
a Survey-weighted.
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81.0), and 78.0% had at least one recorded diagnosis of an
eye disorder (95% CI: 73.3, 82.1). The mean number of
years from the ophthalmologist visit to the outcome date
was 7.1 (standard deviation, 4.0), with a median of 7.4
years.

We found a significant association between prior eye-
related services and dementia (Table 3). The risk of devel-
oping dementia was 56% lower for participants who had an
eye procedure compared with those who did not. The risk of
dementia was reduced 64% for those subjects who had at
least one visit to an ophthalmologist compared with individ-
uals who did not visit an ophthalmologist. Subjects with
a previous diagnosis of an eye disorder had half the risk
of dementia as those without such a diagnosis (relative risk
ratio (RRR) ¼ 0.49). The risk of dementia decreased by
10% with each visit to an ophthalmologist, decreased by
18% for each eye procedure, and decreased by 6% for each
eye-related diagnosis. However, there was no difference in
services received for hearing and speech by cognitive
status, nor was there a difference in the number of medical
office visits.

Restriction of the data to only those subjects followed for
at least 6 years prior to the outcome did not appreciably
change these results. The risk of dementia was halved
(RRR ¼ 0.50, 95% CI: 0.26, 0.95) for those who had
received a prior eye procedure. The risk decreased by
17% for each eye procedure (RRR ¼ 0.83, 95% CI: 0.70,
1.00; P ¼ 0.046). The risk of dementia decreased by 59%
(RRR ¼ 0.41, 95% CI: 0.25, 0.67) for those who visited an
ophthalmologist. The risk decreased by 8% (RRR ¼ 0.92,
95% CI: 0.90, 0.95) for every visit to an ophthalmologist.
The comparable relative risk ratios were 0.51 (95% CI: 0.27,
0.96) for an eye-related diagnosis and 0.95 (95% CI: 0.92,
0.98) for number of eye-related diagnoses.

When the analyses were restricted to those subjects who
did not have vascular disease (n ¼ 540), the results were
similar. The risk of nonvascular dementia was reduced by
64% (RRR¼ 0.36, 95% CI: 0.17, 0.74) for those who had at

least one eye procedure. The risk of nonvascular dementia
was reduced by 66% (RRR ¼ 0.34, 95% CI: 0.20, 0.60) for
subjects who visited an ophthalmologist at least once. For
each eye procedure, the risk of nonvascular dementia de-
creased by 18% (RRR ¼ 0.82, 95% CI: 0.67, 0.99), and, for
each visit to an ophthalmologist, the risk of nonvascular
dementia decreased by 10% (RRR ¼ 0.90, 95% CI: 0.86,
0.94). The risk of nonvascular dementia decreased by 52%
if the participant had at least one eye-related diagnosis
(RRR ¼ 0.48, 95% CI: 0.26, 0.87). For each eye diagnosis,
the risk of nonvascular dementia decreased by 7% (RRR ¼
0.93, 95% CI: 0.90, 0.96).

Proportions of elderly Americans who received an eye
procedure prior to the outcome are shown in Figure 1. Al-
though the proportion receiving an eye procedure increased
with age for both cognitive groups, the increase was more
marked for those whose cognition remained normal (P <
0.001). For Americans 90 years of age or older who devel-
oped Alzheimer disease, 51.7% received at least one pre-
vious eye procedure (a mean of 7 years prior to the
outcome); this finding compared with 77.9% for Americans
of similar age with normal cognition.

Vision at baseline with and without treatment

The possible effect of treatment on individuals with poor
vision was examined, and the results are shown in Table 4.
Failure to visit an ophthalmologist increased the risk of
Alzheimer disease 9-fold for those with worse vision and
increased the risk of CIND 5-fold. However, for those with
worse vision who visited an ophthalmologist, the risk of
cognitive decline was not significantly elevated. In addition,
the risk of Alzheimer disease was 5 times greater for those
with worse vision who had no previous eye procedure
(RRR ¼ 5.35), but it was also elevated for individuals with
worse vision who had an eye procedure (RRR ¼ 2.52).

When the analyses shown in Table 4 were restricted to
only those persons followed for at least 6 years prior to the

Table 3. Relative Risk Ratios for Prior Eye-related Services and Cognitive Outcomes, Elderly in the United States,

1992–2005

Prior Events
CIND Dementia

RRRa 95% CI P Value RRRa 95% CI P Value

Eye procedure (yes/no) 0.70 0.38, 1.30 0.249 0.44 0.23, 0.83 0.013

No. of eye procedures 0.97 0.81, 1.17 0.769 0.82 0.69, 0.97 0.025

Visit with an ophthalmologist (yes/no) 0.63 0.31, 1.29 0.199 0.36 0.23, 0.57 <0.001

No. of visits to an ophthalmologist 0.97 0.95, 1.00 0.050 0.90 0.87, 0.94 <0.001

Echography of the eye (yes/no) 0.76 0.45, 1.29 0.297 0.66 0.38, 1.14 0.132

Diagnosis of an eye disorder (yes/no) 0.82 0.38, 1.80 0.610 0.49 0.27, 0.89 0.021

No. of diagnoses of eye disorders 0.98 0.96, 1.00 0.075 0.94 0.91, 0.97 <0.001

Excellent or very good vision at baseline 0.60 0.29, 1.24 0.157 0.37 0.18, 0.80 0.014

Hearing and speech services 1.12 0.61, 2.06 0.696 1.21 0.60, 2.44 0.572

No. of medical office visits (total) 1.00 0.99, 1.01 0.951 1.00 1.00, 1.01 0.335

Abbreviations: CI, confidence interval; CIND, cognitively impaired but no dementia; RRR, relative risk ratio.
a Reference group was subjects with normal cognition. Results were adjusted for age, gender, race, education,

number of apolipoprotein E e4 alleles, head injury, diabetes mellitus, hypertension, stroke, and heart disease.
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outcome, the results did not materially change. The relative
risk ratio for participants with worse vision who did not visit
an ophthalmologist was 8.50 (95% CI: 1.85, 39.15; P ¼
0.008) for Alzheimer disease compared with normal cogni-
tion. For CIND, the comparable relative risk ratio was 4.60
(95% CI: 1.40, 15.12; P ¼ 0.014). The relative risk ratio for
Alzheimer disease in persons with worse vision who had
a previous eye procedure was 2.29 (95% CI: 0.99, 5.30;
P ¼ 0.054). The relative risk ratio for those with worse
vision and no eye procedure was 5.17 (95% CI: 1.60, 16.74;
P ¼ 0.008) for Alzheimer disease; the comparable relative
risk ratio for CINDwas 2.22 (95%CI: 0.91, 5.45; P¼ 0.079).

Eye services before and after outcome

We investigated whether there was a difference in the
receipt of eye services before and after diagnosis of Alz-

heimer disease (Table 5). Persons with Alzheimer disease
had a significantly reduced risk of an eye procedure prior to
onset of this disease (59% reduction in risk), but they were
just as likely as those with normal cognition to have an eye
procedure afterward. The risk of Alzheimer disease was
reduced 65% with a previous visit to an ophthalmologist.
After diagnosis of Alzheimer disease, however, patients with
Alzheimer disease were just as likely to visit an ophthalmol-
ogist as those patients with normal cognition. While partici-
pants who developed Alzheimer disease were less likely than
those with normal cognition to have had eye-related services
and diagnoses prior to the onset of disease, they were just as
likely to have such services or diagnoses afterward.

High-risk populations

There were 180 high-risk subjects in this study. These in-
dividuals were significantly more likely to have poorer vision
at baseline than those not at high risk (P ¼ 0.001 for the
6-point vision scale). Visits to an ophthalmologist increased
in this population, from2.2/100 person-years beforeMedicare
coverage began in 2002 to 14.6/100 person-years afterward
(P < 0.001). Eye procedures in high-risk patients also in-
creased, from 1.3/100 person-years beforeMedicare coverage
to 10.8/100 person-years afterward (P < 0.001).

Other evidence of visual problems

As ancillary evidence of prior vision problems, partici-
pants who developed dementia had 1.95 emergency room
visits for injuries or accidents per 100 person-years prior to
diagnosis compared with 0.78 for those with normal cogni-
tion (P ¼ 0.0014). Persons with CIND had 1.49 such visits
per 100 person-years (P ¼ 0.0214 when compared with
normal cognition).

Number needed to treat

If the association between treatment for visual problems
and dementia were causal, the number needed to treat with
an eye procedure to prevent one case of dementia was 6
during the mean follow-up period of 7.1 years (median,
7.4 years). The number needed to treat with an ophthalmol-
ogist visit to prevent one case of dementia was 4 during this
follow-up period.

DISCUSSION

Persons diagnosed with late-life dementia, particularly
those with Alzheimer disease, had poorer vision and re-
ceived fewer ophthalmologic services prior to their diagno-
sis than those who aged with normal cognition. The results
not only indicate an association between poor vision and
Alzheimer disease but also suggest that treatment of visual
problems may affect the probability of developing Alz-
heimer disease. It is possible that underdiagnosis or under-
treatment of visual problems in the elderly may contribute to
cognitive decline.

Our study provides evidence that the visual problems pre-
ceded the symptoms of cognitive decline. We are not alone

Figure 1. Proportion of the US population who received a previous
eye procedure by age (years) and cognitive status, 1992–2005. A)
normal cognition; B) Alzheimer disease.
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in this supposition. In the Australian Longitudinal Study of
Ageing, visual acuity significantly affected memory decline
in 2,087 older individuals over a 2-year period (12). Their
data indicated that vision, not hearing, was associated with
memory decline. In a prospective cohort study of 1,668
women, poor visual acuity was associated with cognitive
decline measured an average of 4.4 years later (13). Simi-
larly, their results showed that visual impairment predicted
cognitive decline to a greater extent than hearing. In a lon-
gitudinal study of 2,140 Mexican Americans, impairment
of near vision predicted cognitive decline (using the Mini-
Mental State Examination for the blind) in the 7 years after
assessment (14). In the Baltimore Longitudinal Study of
Aging, performance on the Benton Visual Retention Test,
which measures visual perception, vision memory, and vi-
suoconstructive abilities, was significantly predictive of
Alzheimer disease up to 15 years after testing (26). In an
earlier study, this vision test predicted cognitive impairment
in the 6 years prior to the onset of Alzheimer disease (27).
Moreover, in a study of autopsied patients, subjects who had
poorer performance on the Benton Visual Retention Test
had cerebral amyloid deposition consistent with Alzheimer
disease 20 years later (28).

Specific visual disorders have been shown to share
common pathogenic pathways with Alzheimer disease.

Amyloid-b deposition was found more often in drusen of
individuals with age-related macular degeneration than in
those without this condition; the authors suggested a com-
mon pathophysiology (29). Similar Alzheimer disease–
related pathology has been found in asymptomatic elderly
within the Edinger-Westphal nucleus, which controls pupil-
lary function (30). Furthermore, amyloid-b deposits were
formed in a time- and dose-dependent manner after in-
duction of glaucoma using an animal model (31). Upon
challenge with treatments that specifically targeted the
amyloid-b pathway, significantly less retinal cell death
was observed, suggesting that amyloid-b may etiologically
contribute to glaucoma (31).

While some studies indicate that visual dysfunction may
originate within the visual cortex, others suggest correctable
problems with the eye itself. Whether treatment of specific
visual disorders could alleviate cognitive decline deserves
further investigation. In a study of 100 patients, memory and
learning were shown to improve significantly after cataract
surgery (32). Improvement in cognition after cataract sur-
gery was also reported in a prospective study of elderly
patients in Japan (33). However, in a study of elderly sub-
jects with 1 year of follow-up, cognition improved for in-
dividuals with cataracts—both those with and without
cataract surgery (34).

Table 5. Relative Risk Ratios for Eye-related Services and Alzheimer Disease Before and After Diagnosis, Elderly

in the United States, 1992–2005

Events
Before Diagnosis After Diagnosis

RRRa 95% CI P Value RRRa 95% CI P Value

Eye procedure (yes/no) 0.41 0.19, 0.87 0.022 1.87 0.87, 4.01 0.102

No. of eye procedures 0.84 0.69, 1.02 0.083 1.17 0.95, 1.45 0.126

Visit to an ophthalmologist (yes/no) 0.35 0.17, 0.73 0.007 0.95 0.49, 1.82 0.861

No. of visits to an ophthalmologist 0.89 0.84, 0.95 0.001 0.97 0.89, 1.04 0.371

Diagnosis of an eye disorder (yes/no) 0.43 0.19, 0.95 0.038 1.25 0.66, 2.39 0.482

No. of diagnoses with eye disorders 0.92 0.88, 0.97 0.001 1.02 0.97, 1.08 0.360

Abbreviations: CI, confidence interval; CIND, cognitively impaired but no dementia; RRR, relative risk ratio.
a The reference group was subjects with normal cognition. Results were adjusted for age, gender, race, education,

number of apolipoprotein E e4 alleles, head injury, diabetes mellitus, hypertension, stroke, and heart disease.

Table 4. Relative Risk Ratios for Prior Eye-related Services, Baseline Vision, and Cognitive Outcomes, Elderly in the United States, 1992–2005

Prior Events
CIND Alzheimer disease

RRRa 95% CI P Value RRRa 95% CI P Value

Better vision and visit to an ophthalmologist 1.00 (reference) 1.00 (reference)

Better vision and no visit to an ophthalmologist 2.33 0.71, 7.63 0.156 2.40 0.66, 8.70 0.176

Worse vision and visit to an ophthalmologist 1.63 0.79, 3.35 0.176 1.99 0.78, 5.10 0.144

Worse vision and no visit to an ophthalmologist 5.05 1.61, 15.89 0.007 9.46 2.26, 39.51 0.003

Better vision and eye procedure 1.00 (reference) 1.00 (reference)

Better vision and no eye procedure 1.64 0.52, 5.14 0.381 2.92 0.82, 10.38 0.094

Worse vision and eye procedure 2.11 0.95, 4.70 0.066 2.52 1.03, 6.16 0.044

Worse vision and no eye procedure 2.28 0.91, 5.69 0.076 5.35 1.52, 18.82 0.011

Abbreviations: CI, confidence interval; CIND, cognitively impaired but no dementia; RRR, relative risk ratio.
a Reference group was subjects with normal cognition. Results were adjusted for age, gender, race, education, number of apolipoprotein E e4

alleles, head injury, diabetes mellitus, hypertension, stroke, and heart disease.
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The results of this study suggest that, whatever visual
impairments existed, eye-related services may have delayed
the date on which the individual met the definition of de-
mentia. It is possible that, if visual problems and functional
disabilities associated with poor vision accrued over time,
an individual could meet the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition, criteria for
Alzheimer disease and exhibit impairment in multiple do-
mains at an earlier point in life. Moreover, the extent to
which aphasia, apraxia, agnosia, and memory impairment
can be adequately assessed with concomitant visual prob-
lems has not yet been fully explored.

Ancillary evidence is provided by factors reported to re-
duce the risk of dementia, including physical activity and
mental stimulation—both of which may be impacted by
visual loss. The presence of a visual disorder may impede
one’s mobility and affect the types of activities associated
with a reduced risk of Alzheimer disease, such as reading
and playing board games and musical instruments (35).
Visual problems may also influence the extent of social in-
teractions and networking; the pathology underlying
Alzheimer disease has been found to be modified by social
networking (36).

Although there was no significant difference in the use of
glasses or contact lenses at baseline, there was an associa-
tion with vision. This finding could indicate that, whatever
visual disorders existed at that time, glasses could not cor-
rect for these deficiencies. Alternatively, it may indicate that
the glasses being utilized by some subjects did not ade-
quately correct problems with visual acuity (e.g., an out-
dated prescription). Corroborating evidence from this data
set indicates that injury-related visits to the emergency room
were more frequent prior to the diagnosis of dementia or
CIND; prior studies have shown a strong association be-
tween poor vision and injuries/accidents (24).

These findings are limited by the observational nature of
the study. Specific testing for vision was not conducted at
uniform intervals during the time period prior to diagnosis
of dementia or CIND. Survival bias could have impacted the
results of this study, although survival rates would be ex-
pected to be lower among those with poorer vision, persons
who do not receive as many health services, and those with
cognitive impairments. Therefore, inclusion of such sub-
jects could pull the estimates of effect farther from the null.
Furthermore, an argument could be made that cognitive
impairment may have been apparent prior to the diagnosis
and, therefore, patients or physicians selectively underused
eye-related services because of this impairment. Several
factors refute this proposition. First, the cohort was re-
stricted to those with evidence of normal cognition at base-
line. Second, there was no difference in the number of
medical office visits or the use of hearing and speech ser-
vices among the 3 cognitive groups. That is, patients were
not underutilizing other services. Third, after dementia was
diagnosed, participants were just as likely to have eye-
related services as those with normal cognition.

We were unable to ascertain medication use and, as such,
the spectrum of various eye treatments was not adequately
covered in this data set. We suspect that the stronger asso-
ciation between Alzheimer disease and poor vision without

a prior ophthalmologist visit (RRR ¼ 9.46) may be due to
the fact that visiting an ophthalmologist may serve as a sur-
rogate for the prescription of either an eye medication and/
or an eye procedure, whichever was appropriate for the
given condition.

One international task force has already formally pro-
posed including vision testing within a comprehensive con-
sultation to prevent dementia in the elderly (37). Since
routine eye screening is not currently covered for Medicare
beneficiaries, we encourage an investigation of the cost-
effectiveness of providing Medicare coverage for at least
one vision screening for beneficiaries to postpone cognitive
decline later in life.

In conclusion, poor vision is associated with late-life de-
mentia. Our study results suggest that treatment of visual
disorders may delay the diagnosis of dementia, particularly
Alzheimer disease.
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